[Abstract] The bacterial flagellar type III protein export apparatus is composed of a transmembrane export gate complex and a cytoplasmic ATPase complex. The export apparatus requires ATP hydrolysis and the proton motive force across the cytoplasmic membrane to unfold and transport flagellar component proteins for the construction of the bacterial flagellum (Minamino, 2014) . The export apparatus is a proton/protein antiporter that couples the proton flow with protein transport through the gate complex . A transmembrane export gate protein, FlhA, acts as an energy transducer along with the cytoplasmic ATPase complex . To directly measure the proton flow through the FlhA channel that is coupled with the flagellar protein export, we have developed an in vivo pH imaging system with high spatial and pH resolution . Here, we describe how we measure the local pH near the export apparatus in living Salmonella cells . Our approach can be applied to a wide range of living cells. Because local pH is one of the most important parameters to monitor cellular activities of living cells, our protocol would be widely used for diverse areas of life sciences.
Salmonella YVM1049 strain (∆fliH-fliI flhB(P28T) pHluorin(M153R)-fliG)
10. Salmonella SJW1103 strain (wild type for motility and chemotaxis) (Yamaguchi et al., 1984) 11. Salmonella SJW1368 strain (∆(cheW-flhD); flagellar master operon mutant) (Ohnishi et al., 1994) 12. pYVM008 (pTrc99A/pHluorin(M153R)-FliG) Minamino et al. (2000 3. Transfer 500 µl of each culture to a 1.5 ml microcentrifuge tube and then collect the cells by centrifugation (6,000 x g, 2 min).
Purified pHluorin(M153R)-FliG-His6 protein in PBS

Note: The pHluorin(M153R)-FliG-His protein is purified by nickel-nitrilotriacetic acid (Ni-NTA) affinity chromatography from the soluble fractions of E. coli BL21(DE3) cells overexpressing pHluorin(M153R)-FliG-His as described by
4. Discard supernatant.
5. Resuspend the cell pellet in 1.0 ml of motility buffer.
6. Centrifuge at 6,000 x g for 2 min.
7. Discard supernatant.
8. Repeat steps A5-A7 twice.
9. Resuspend the cells in 500 µl of fresh motility buffer. 12. Wash out unbound cells by supplying 100 µl of the motility buffer using a pipette (P100).
Absorb the excess amount of the buffer with a piece of a filter paper. (see Video 1)
13. Put the sample on a custom-built inverted fluorescence microscope (Figure 1 ).
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Note: When the protein concentration of pHluorin(M153R)-FliG is too high, its fluorescence intensity is considerably high, thereby saturating the sensor chip of the EMCCD camera.
Therefore, it is necessary to adjust the protein concentration of pHluorin(M153R)-FliG to ca.
~100 µg/ml in order to make an in vitro calibration curve.
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